Seventy-six children <2 years old were prospectively followed for 1 year in a peri-urban community of Mexico City to determine asymptomatic infection and acute diarrhea associated with diarrheagenic Escherichia coli pathotypes (DEPs). By use of a pathogen-specific multiplex PCR, DEPs were sought in 795 stool samples, of which 125 (16%) were positive for DEP; of these, 4 represented shedding episodes and 4 parasite coinfections. Most single-DEP infections (85/117) were asymptomatic (P < 0.001), and of the 32 DEP diarrhea episodes, 41% were associated with atypical enteropathogenic E. coli (aEPEC), 37.5% with enterotoxigenic E. coli, 9% with typical EPEC, 9% with enteroinvasive E. coli, and 3% with Shiga toxin-producing E. coli strains. Among the 76 children, 54 had at least one stool positive for DEP, of which 23 experienced a DEP-associated diarrhea episode. In the last group of children, DEP infection was significantly associated with a diarrhea episode (relative risk [RR] ‫؍‬ 2.5; 95% confidence interval [CI], 1.79 to 3.57; P < 0.001), with ETEC (RR ‫؍‬ 2.30; 95% CI, 1.49 to 3.54; P ‫؍‬ 0.003) and aEPEC (RR ‫؍‬ 1.92; 95% CI, 1.23 to 3.0; P ‫؍‬ 0.019) being the pathotypes associated with diarrhea. aEPEC-associated diarrhea episodes were frequently in the <12-month age group (RR ‫؍‬ 2.57; 95% CI, 1.05 to 6.27; P ‫؍‬ 0.04). aEPEC infections were distributed all year round, but associated diarrheal episodes were identified from April to October, with a May-June peak (rainy season). Most ETEC infections and diarrhea episodes characteristically occurred during the summer (rainy season), with a diarrhea peak in August. Of all DEPs, only aEPEC was associated with acute diarrhea episodes lasting 7 to 12 days (P ‫؍‬ 0.019). DEPs are important causes of community-acquired enteric infection and diarrhea in Mexican children.
Diarrheal diseases continue to be a health problem worldwide (4, 16) , especially in developing countries, where they are estimated to be responsible for 2.5 million infant deaths per year, with an annual mortality rate of 4.9 per 1,000 children and an incidence of 3.2 episodes per child per year among children under 5 years of age (16) . Diarrheagenic Escherichia coli pathotypes (DEPs) represent a leading bacterial cause of pediatric diarrhea in developing regions (21) , with some responsible for traveler's diarrhea (21, 27) , and are also an emerging cause of diarrhea in industrialized countries (6, 29) . The DEPs that cause diarrhea include enteropathogenic E. coli (EPEC), enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), Shiga toxin-producing E. coli (STEC), diffusely adherent E. coli, and enteroaggregative E. coli (15, 21) . These pathotypes are defined by the presence or absence of one or more definable E. coli virulence factors. However, a less well-characterized DEP is atypical EPEC (aEPEC), which carries the attaching and effacing intimin (eaeA) gene of typical EPEC (tEPEC) strains but lacks the plasmid-mediated bundle-forming pilus (bfp) of tEPEC and Shiga toxins 1 and 2 (21, 31) .
Although DEPs are of public health relevance, they are not routinely sought as enteric pathogens in clinical laboratories worldwide; thus, their incidence in children Յ2 years of age and their importance in community-acquired diarrhea are generally unknown, particularly in areas of endemicity. In order to assess the prevalence of DEPs and their association with diarrhea, stools collected from a cohort of children recruited and followed prospectively for 1 year in peri-urban communities of Mexico City were screened for the presence of ETEC, EIEC, tEPEC, aEPEC, and STEC by using a pathogen-specific multiplex PCR (19) . In order to assess DEP frequency and association with diarrhea, a cohort of children from a peri-urban area of Mexico City were analyzed for the presence of ETEC, EIEC, tEPEC, aEPEC, and STEC by a pathogen-specific multiplex PCR (19) ; however, enteroaggregative E. coli and diffusely adherent E. coli were not sought. The study was the placebo arm of a larger study looking at the effect of vitamin A supplementation on the occurrence of diarrhea and enteric infection (18) .
MATERIALS AND METHODS
Subjects and microbiological analysis. A cohort of children Ͻ2 years old, from La Magdalena Atlicpac, a peri-urban community of Mexico City, Mexico, were enrolled between 1 January and 31 December 1998 and prospectively followed for up to 15 months. The study was a randomized clinical trial of the impact of vitamin A supplementation on asymptomatic enteric infection and acute diarrhea. At the beginning of the study, mothers were interviewed regarding their educational statuses, access to piped water, and possession of a bathroom in the house or on the property. Children were assigned to receive vitamin A or a placebo every 2 months, with study households being visited twice a week. During visits, mothers were interviewed regarding the presence of diarrhea in household children, the number and consistency of evacuations, the presence of fever, and the passage of stools containing gross blood and/or mucus. A stool sample was collected twice a month from healthy children, and two samples were collected within 1 week of the episode onset. Each stool sample was processed within 4 hours of collection at the laboratory of the Ministry of Health hospital located in the respective zone. Stool samples were analyzed for the presence of parasites (20) and enterobacteria (13) . Of note, although sought, Salmonella and Shigella species were not identified in the stools of these children.
DEP characteristics and identification. Three lactose-fermenting colonies with E. coli morphology were selected from MacConkey agar plates and biochemically identified (13) . DEPs were characterized by a single multiplex PCR technique, as previously described (19) . The pathotypes identified by this PCR technique, their characteristics, and their target loci are given in Table 1 . STEC bacteria isolated from patients were further characterized by the expression of the O157 lipopolysaccharide antigen and the enterohemolysine gene (hlyA), using a latex particle agglutination kit (Oxoid Limited, Basingstoke, United Kingdom) and PCR, respectively (25) . We used the following working definitions: (i) a diarrhea episode was defined as a change in the child's stool patterns as reported by the mother and confirmed by the passage of three or more liquid stools in 1 day; (ii) a single-DEP infection involved the presence of only one DEP in a stool; (iii) a DEP-associated diarrhea episode involved the presence of a DEP in a stool sample collected during, within 7 days before, or after a diarrhea episode; and (iv) DEP shedding involved confirmation of the same DEP during the 2-week time period after a DEP diarrhea episode.
Statistical analysis. the cases and controls were compared using Mantel and Haenszel's x 2 test and Fisher's two-tailed exact test. Relative risk (RR) values were calculated by standard methods and were adjusted for age, sex, and seasonality. When possible, the subjects were used as their own controls. Differences between groups were considered significant when P was Ͻ0.05.
RESULTS
Seventy-six children (39 boys and 37 girls) Ͻ2 years old assigned to the placebo arm in the randomized clinical trial were included in the study. Table 2 illustrates that 46% of households of study children had no access to piped water whereas almost all households had a bathroom in the house or on the property. Additionally, close to 50% of the mothers of the enrolled children had completed a secondary education or higher. A total of 173 diarrhea episodes were reported, with an overall rate of 3.96 (250 episodes/63.1 child years).
Among the 76 children, 54 (71%) had at least one stool positive for DEP, while 32 (59%) had multiple positive stool samples, including 2 children who had DEPs isolated from six stools each. Of the 54 children positive for DEPs, 23 (46%) had a minimum of one DEP-associated diarrhea episode. In Table 3 , we list the general characteristics of these 23 children, including the total numbers of diarrhea episodes and stool samples, the occurrences of asymptomatic DEP infections and associated diarrhea episodes (in chronological order), the durations of the diarrhea episodes (in days), and the occurrences of shedding events (see definitions in Materials and Methods). Sixteen children had one DEP-associated diarrhea episode (seven had ETEC, four aEPEC, three EIEC, and two tEPEC), six children had two (four had ETEC and aEPEC and two aEPEC and aEPEC), and one had four (aEPEC, ETEC, tEPEC, and STEC). Most children (16; 70%) had another asymptomatic DEP infection during the year. From the dates of the asymptomatic infections, we identified four shedding events (in patients 8, 9, 10, and 19). Additionally, patient 2, who had an aEPEC-associated diarrhea episode, was found to have two stools positive for the same DEP in the previous month. For these children, there was a significant association between the presences of a DEP infection and a diarrhea episode (RR ϭ 2.5; 95% confidence interval [CI], 1.79 to 3.57; P Ͻ 0.001). ETEC and aEPEC were the pathotypes significantly associated with diarrhea, with RR values of 2.30 (95% CI, 1.49 to 3.54; P ϭ 0.003) and 1.92 (95% CI, 1.23 to 3.0; P ϭ 0.019), respectively. For EIEC, tEPEC, and STEC, no significant associations were observed, which may relate to the reduced prevalences of these DEPs. Of all DEP-associated diarrhea episodes, only aEPEC episodes (30%) were significantly associated with durations of Ͼ6 days (P ϭ Of the 795 stools collected during the study, 125 (16%) were positive for diarrheagenic E. coli, of which 4 were associated with a shedding event (2 with ETEC and 2 with aEPEC) and 4 were coinfections between a DEP and a parasite: 1 ETECGiardia lamblia, 1 aEPEC-Giardia lamblia, 1 aEPEC-Entamoeba histolytica, and 1 aEPEC-Ascaris lumbricoides coinfection. The remaining 117 single-DEP infections were analyzed according to age distribution, presence of asymptomatic infections, and association with diarrhea for each DEP, which is illustrated in Table 4 . More DEP infections were significantly associated (P Ͻ 0.001) with asymptomatic events (73%) than with diarrhea episodes (27%). aEPEC was the most frequent DEP identified, accounting for 44.5% of all infections, followed by ETEC (36%), tEPEC (10%), EIEC (5%), and STEC (2.5%), and 2% were mixed-DEP infections. Seventy-seven percent of asymptomatic infections were in the Ն12-month age group, whereas 41% (12/29) of DEP-associated diarrhea episodes were in the Ͻ12-month age group, but there was not a significant association. However, aEPEC-associated diarrhea episodes (46%; 6/13) were significantly associated with children in the Ͻ12-month age group, with an RR value of 2.57 (95% CI, 1.05 to 6.27; P ϭ 0.04), while ETEC diarrhea episodes were similarly distributed between the two age groups: 33% (2/6) for Ͻ12 months and 28% (10/36) for Ն12 months. Of the 32 associated diarrhea episodes, 41% were due to aEPEC, 37.5% to ETEC, 9% to tEPEC, 9% to EIEC, and 3% to STEC. Mixed-DEP infections were not associated with diarrhea. Of the total 173 diarrhea episodes reported in this group, 32 (18%) were found to be associated with a single-DEP infection. The incidence of diarrhea for all DEP infections was 0.84 episodes per child per year (32 episodes/38.1 child years).
Most ETEC isolates (39; 92%) were lt positive, only 2 were lt-st positive, and only 1 was st positive. All ETEC-associated diarrhea episodes were due to lt-positive strains. The 3 STEC strains identified were one stx 1 -eaeA, one stx 1 -stx 2 , and one stx 1 strain, the last of which was the only strain associated with a diarrhea episode. None of the STEC strains expressed the O157 lipopolysaccharide antigen or contained the hlyA gene. aEPEC infections were reported throughout the year (Fig.  1A) among the children, with the highest frequency of associated diarrhea episodes (92%) occurred during May to October; Mexico City rainy season (Fig. 1A) . ETEC infections were found from February to December; nevertheless, most infections and diarrhea episodes were seen during summer months of July to October (rainy season) with a clear diarrhea peak in August (Fig. 1B) . There was no apparent seasonality for infection by tEPEC, EIEC and STEC, which may relate to their reduced prevalence (Table 4 ). Interestingly the 3 STEC cases were identified during the winter.
DISCUSSION
In the present study we describe in a DEP endemic country like Mexico, the prevalence of 4 of these pathotypes in a cohort of children Յ2 years old from a Mexico City peri-urban community. In these children that were enrolled during a year and followed up for the same period most DEPs infections were significantly associated (P Ͻ 0.001) with asymptomatic events. Similar results have been reported at least for ETEC in domicile carrier studies from developing countries (33) and in some studies of EPEC and aEPEC around the world (23) .
We are reporting here for the first time a significant association of aEPEC with community-acquired acute diarrhea lasting 7 to 12 days (P ϭ 0.019). None of the other pathotypes were associated with illness of this duration, suggesting that aEPEC is more associated with protracted diarrhea than the other DEP. In addition, aEPEC-associated diarrhea episodes were significantly associated with children in the Ͻ12-month age group (RR ϭ 2.57; 95% CI, 1.05 to 6.27; P ϭ 0.04), in contrast to the tendency previously described for Norwegian children (1) . Until now, the strongest association between aEPEC and diarrhea has been for persistent diarrhea (Ն14 days) in children in industrialized countries (1, 22) ; however, in the present study, persistent diarrhea was not investigated, due to its low prevalence. We recently identified aEPEC strains in children hospitalized with acute diarrhea in Mexico (7). Although aEPEC had the highest prevalence among DEPs, most isolates produced asymptomatic infection. The worldwide importance of aEPEC as a cause of diarrhea pathogenesis is uncertain (2, 31) . It is likely that aEPEC strains differ in their pathogenic potentials. DNA microarray analysis of aEPEC strains isolated from Norwegian children with and without diarrhea revealed that indeed there are certain genes statistically associated with diarrhea (2). Of note, there was a child (patient 2) (Table 4 ) who harbored aEPEC on five occasions during the year, suggesting a propensity for aEPEC to persist longer in the intestine than other DEPs. Further studies of the importance of aEPEC strains as causes of diarrhea are needed for other countries. The aEPEC pathotypes were distributed throughout the year, with a clear peak in October, when most infections were asymptomatic. Diarrhea episodes associated with aEPEC were observed only from April to October, with a peak in June (early summer). A number of studies in both developed and developing countries have reported seasonal peaks in tEPEC and aEPEC infection (1, 10) . A study in Norway found that aEPEC was isolated from children throughout the year but was found most frequently in the late summer/early autumn period (1) . Studies in both Brazil and Bangladesh have found clear seasonal peaks in tEPEC as well, but these peaks can occur at different times during the calendar year, possibly as a result of local meteorological patterns (3) . From the present study, it appears that aEPEC is an emerging diarrheagenic pathogen, not only in industrialized countries, as previously described (1, 6, 22, 29) , but also in developing countries, like Mexico (7), Brazil (31) , and India (32) . aEPEC strains identified in Mexico were previously shown to possess lower levels of antibiotic resistance than other diarrhea-producing E. coli pathotypes in Mexico (7), suggesting that aEPEC strains may have recently been acquired in this country.
The high prevalence of ETEC is consistent with the rates of ETEC isolation reported previously for indigenous populations of and travelers to Mexico (5). The low proportion of symptomatic ETEC infections (33%) may be due to the fact that most isolated strains found (95%) were heat-labile enterotoxin (LT) positive only. Previous studies have shown that heat-stable enterotoxin (ST)-positive ETEC strains are more commonly associated with outbreaks and diarrhea episodes (27) . Nevertheless, in recent years, studies in Mexico have shown a higher prevalence of LT strains associated with diarrhea episodes than ST strains (7, 8) . In our study, ETEC infections were distributed almost all year round (February to December), with a majority of infections occurring from June to October, similar to seasonal patterns found for LT strains in Egypt (28) . However, ETEC-associated diarrhea episodes were identified only from July to October, with a clear peak in August, during the summer rainy season in Mexico City, rather than the warm season (spring in Mexico City), as has been reported for other regions of the world (10, 11, 27) . In addition, a smaller, second peak was observed in October, similar to the autumn peaks reported for Bangladesh (27) . Overall, these results suggest that humidity is an important factor for ETEC spread and disease in Mexico City.
In the present study, tEPEC infections were not commonly associated with diarrhea, which may relate to the older ages of the children included in the study. tEPEC strains have been reported to most commonly infect infants Յ6 months old (21, 23) . It is possible that in Mexico, tEPEC prevalence is diminishing as aEPEC infection rates are increasing, a pattern already described for industrialized regions (29, 31) and more recently for several developing countries (22, 23, 31, 32) . EIEC was the DEP with the highest degree of association with diarrhea, found in half of the subjects, revealing once more its virulence for infants in Mexico (24) . Since EIEC strains are the only invasive DEP (15) , their identification may have therapeutic implications. Non-O157 STEC was the least prevalent pathotype in this study, with only one of the three isolates being associated with illness. Similar to what was found for other settings in Mexico (7) and other developing countries, non-O157 STEC prevalence has been shown to be low (12, 26) or not even present (32) . Despite its low prevalence in developing countries, non-O157 STEC can cause diarrhea (7, 12) .
Our observations that most DEP infections were significantly associated with asymptomatic events and that only 1 of the 54 children who had one or several DEP infections had at least one DEP-associated diarrhea episode strongly suggest that only some children are susceptible to DEP diarrhea. In line with this, recent studies have shown that both genetic predisposition (9, 14) and nutritional status (17, 18, 30) increase the probability of a DEP diarrhea episode.
Finally, our results reveal that locus pathogen-specific multiplex PCR is an excellent tool for the identification of both well-established and emerging pathotypes, allowing the study of the incidence of pathogen-specific infection and diarrhea. The present study demonstrates the importance of diarrheacausing E. coli in children living in a peri-urban area of Mexico City, which is responsible for at least one-third of all diarrhea episodes and the emergence of aEPEC as an important pathogen of acute protracted diarrhea.
